A retrospective, serial analysis of 181 triple negative breast cancer (TNBC) patients was undertaken at a regional cancer centre in Canada. The primary focus of the analysis was to investigate the effect of presenting stage in patients with TNBC on progression free and overall survival. We were able to demonstrate that patients presenting with an earlier stage breast cancer had a significantly superior progression free and overall survival when compared to more advanced stage. The adjusted multivariate cox-regression analyses for the overall and progression free survival suggest that the hazard of death was significantly lower for patients with stages I (HR = 0.09; 95% CI 0.03 -0.24) and II (HR = 0.29; 95% CI 0.16 -0.54) than for patients with stage III. The only other predictor of progression free survival besides stage, was receipt of radiotherapy (HR = 0.39; 95% CI 0.22 -0.69) in the adjusted cox regression analysis. Less than 2% of patients presented with stage IV disease. The small numbers presenting with stage IV disease may have impact on the development of clinical and translational trials. Certainly there may be stage migration if staging included more standardized or more sensitive investigations such as PET scans, and this might an important consideration in developing clinical trials. Twenty-five percent of patients presented with stage I disease. It is important for patients with TNBC presenting with earlier stages of disease that they are aware that they will have a better prognosis than their counterparts with more advanced disease. It is important that we are aware of this patient population, as their treatment recommendations are unclear and a source of a fair amount of controversy currently.
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Introduction
Triple negative breast cancer (TNBC) remains clinically defined as estrogen receptor (ER) negative, progesterone receptor (PR) negative and human epidermal growth factor 2 (Her-2) negative. The vast majority of TNBC are high-grade invasive ductal carcinomas of no special type. TNBC carries significant heterogeneity by pathology as measured by molecular signature. Molecular subtypes have been divided into basal-like; immunomodulatory, mesenchymal-like [1] [2] . In addition, TNBC is often associated with high levels of Ki67 (a proliferation marker) [2] . Tumor Infiltrating Lymphocytes are also being investigated as an important predictive and or prognostic factor in TNBC [3] .
Overall, patients with TNBC are considered to have an inferior outcome than those patients that have the option of targeted therapies [4] - [7] . However, few previous studies have differentiated outcomes in this patient population by presenting stage, which is known to be one of the most important predictors of outcome in breast cancer. Stage is a reported prognostic factor in the TNBC patient group [8] - [10] . Further, very little is known about whether or not chemotherapy is warranted at all stages of TNBC. Thus, the primary purposes of this study were to 1) compare the overall and progression free survival of TNBC across the various stages of cancer and 2) to compare the overall and progression free survival of these patients based on their chemotherapy status across each cancer stage. A secondary purpose of our study was to explore the frequency of TNBC recurrence among patients with stage 1 cancer across chemotherapy and surgery.
Methods

Data Collection
Upon clearance by the Institutional Research Ethics Board, we conducted a retrospective chart review of all patients who were diagnosed with TNBC at our regional cancer center between 2004 and 2010. This review yielded a sample of 181 eligible patients. We elected to limit our starting date to 2004 because testing for Her 2 at our center was first introduced as a standard test in 2003. Patients were treated according to current standard of care. Treatment options included dose dense adriamycin, cyclophosphamide and taxol (dose dense ACT), 5FU, epirubicin, cyclophosphamide, taxotere (FEC-D) primarily, per standard of care. Some elderly patients did not receive chemotherapy because of comorbidities.
Pathology Assessment
The ER and PR analyses used Novocastra antibodies (Leica Microsystems, Concord, ON), with cut-off levels for receptor positivity of more than or equal to 10%. Although ER and PR positivity are considered at more than 1% in current clinical practice, 10% was the accepted level during the reported time period. In many charts, results were reported only as positive or negative; details of percentage positivity were omitted. Positivity for overexpression of her2 was evaluated using the Novocastra CB11 monoclonal antibody (Leica Microsystems). Results were reported as 1+ to 3+ density of staining. A result of 3+ was reported as positive, 2+ was reported as indeterminate, and 1+ was reported as negative. Tumours reported as 2+ were then tested for gene overexpression using fluorescence in situ hybridization (fish). Threshold for a positive her2 fish result was a her2-to-CEP17 ratio exceeding 2.2. We started our analysis in 2014, as this is when her2 testing was done routinely at our centre.
Data Analysis
Data were analyzed using the IBM.SPSS statistical package version 22. Prior to data analysis, all data points were explored for accuracy and violations of statistical assumptions. Descriptive statistics were performed to describe the demographic and prognostic characteristics of the sample, and to compare these characteristics by stage of cancer. Kaplan Meier analysis was performed to compare the overall and progression free survival across cancer stages and to compare those who received chemotherapy and those who did not across each stage. Multivariate cox regression analysis was performed to explore the adjusted association between cancer stage and survival (overall and progression free survival). To preserve the parsimony of the regression model and avoid the potential of multicollinearity, the stage and cancer grade. All analyses were performed using a two tailed alpha of 0.05 and statistical significance was ascertained based on a p value of ≤0.05 or 95% confidence interval (95% CI).
Results
Sample Characteristics
The initial sample for this study was 181 patients with a confirmed diagnosis of TNBC. Of those, only 2 patients presented with stage 4 cancer, and thus were deleted from the analysis (not enough to compare against stages 1, 2, and 3), yielding a sample size of 179 patients. Forty-four (24.6%) patients were classified as stage 1, 94 (52.5%) were classified as stage 2, and 41 (22.9%) were classified as stage 3 patients. Table 1 displays the demographic and prognostic characteristics of our sample compared across these three stages. The data show that patients were not different in their age, family history of cancer, radiation therapy or their cancer grade. Chemotherapy however was significantly lower among patients with stage 1 cancer (59.1%) as compared to patients with stages 2 (79.8%) and 3 (95.1%; p < 0.001). In addition, none of the patients with stage 1 cancer received hormonal therapy compared to 6.4% from stage 2 and 7.3% from stage 3. No statistical difference was observed among the three groups with regard to their rate of hormonal therapies.
Forty-four patients were stage I. Twenty-six (59.1%) received chemotherapy and 18 did not (40.9%). The median age of those that declined chemotherapy was 69 years of age.
All patients in our sample underwent some type of surgical intervention. The numbers were too small to determine influence of surgical choice in treatment. Variable "cancer size in centimetres" was not included in the cox regression analysis because it is redundant with cancer.
Unadjusted Survival Analysis
The Kaplan Meier results in Table 2 suggest that the overall survival and progression free survival were both significantly different across the three cancer stages, with patients in stage 1 experiencing the longest mean survival (9.66 years) as compared to 7.92 and 5.21 years for stages 2 and 3 respectively. However, median survival was only calculable for patients in stage 2 and 3.
As well, presenting stage was a significant predictor of progression free survival (p < 0.001) and overall survival (p < 0.001). In addition to this, receipt of chemotherapy was a significant predictor of progression free survival for stage II patients (p = 0.01), with a trend toward predicting overall survival in this stage of patients (p = 0.09). Figure 1 & Figure 2 display the progression free and overall survival curves associated with these results. Table 3 displays the adjusted multivariate cox-regression analyses for the overall and progression free survival. The results suggest that the hazard of death was significantly lower for patients with stages I (HR = 0.09; 95% CI 0.03 -0.24) and II (HR = 0.29; 95% CI 0.16 -0.54) than it is for patients with stage III The only other predictor of progression free survival besides stage, was receipt of radiotherapy (HR = 0.39; 95% CI 0.22 -0.69) in the adjusted cox regression analysis. None the measured variables were significant predictors of overall survival
Adjusted Multivariate Analysis
Discussion
Median age was 56 years (27 -85), which is slightly older than some previously published studies [4] [11], and still younger than the median of non-TNBC breast cancer of 60.9 years [10] . Almost 40% per cent of our patient population was over the age of 60. The age groups 40 -59 included 53% of the TNBC population. Overall incidence of the TNBC population in our dataset was 12.7% (181/1423 total patients), which may be smaller than in published series [4] [6] [9] [12] . The catchment area for this cancer centre carries a lower percentage of African Americans and Hispanic patients, which could account for this study's findings.
Only 2 of the 181 patients presented with stage IV disease. This is similar to the 3.9% presented in the California Cancer Registry [13] . Certainly there may be stage migration if staging included more sensitive investigations such as PET scans, and this might an important consideration in developing clinical trials. As well, standardization of staging investigations could alter this finding. Triple negative breast cancer carries an inferior prognosis when compared to non-TNBC [10] . In this review we confirm previous findings that identify earlier stages of TNBC have better outcomes than later stages. Although this is intuitive, this finding is often lost in the lay literature. Hernandez et al. [11] identified an inferior prognosis in patients with lymph node positivity, but a 10 year overall survival of 84% in patients with T1, N0, stage I TNBC. This is similar to our findings. Almost one quarter of our TNBC patients presented with Stage 1 disease. It is important we are aware of this patient population, as their treatment recommendations are unclear and a source of a fair amount of controversy currently.
We were only able to identify a statistically significant difference in PFS for the receipt of chemotherapy in stage II patients. We suggest that the relative benefit of the receipt of chemotherapy in the stage I patient population would likely be smaller and therefore require a larger sample size. As well, as more personalized medicine develops in this field certain patient or tumor related factors may allow us to better select patient for this treatment. It is encouraging to note that the no relapses were seen after 2 years in the patients that received chemotherapy in the stage I patient population. The lack of statistical difference identified in the stage III population of patients likely is a result of the fact that 95% received chemotherapy, therefore too small a comparator arm.
It is interesting that radiotherapy also was found to be a predictor of outcome in the multi-variate analysis. There were no reported differences in the surgical management of the patients, but further investigation into this finding will be performed.
Because of lack of studies in the stage I TNBC, management of this stage of patients is still based on extrapolation from the higher stages of TNBC, and appropriately, there are concerns regarding over-treatment of this sub-population of early stage TNBC. A prospective trial examining this patient population would be helpful in answering this question. Certainly other factors such as BRCA status, tumor-infiltrating lymphocytes, and molecular profile will also be helpful in guiding treatment decisions. The adjusted Cox regression for progression-free and overall survival demonstrated that earlier stage, lower tumor grade and receipt of chemotherapy were the factors that predicted improved outcome in patients with TNBC.
This retrospective review supports current guidelines that recommend chemotherapy for all patients with triple negative breast cancer. It also emphasizes that patients with earlier stage breast cancer have a significantly better outcome than those with a more advanced stage. This is important in our discussion with patients with this diagnosis. The use of cisplatin and carboplatin to treat triple-negative breast cancers has demonstrated significant activity in triple negative breast cancer, and is currently being studied at our centre in the adjuvant setting, as well as other clinical trials in the United States. Initial findings suggest that neoadjuvant use of cisplatin results in high rates of complete pathological response in patients with triple-negative cancer [14] - [16] .
Conclusion
In summary, the presenting stage of a patient with triple negative breast cancer is the most important predictor of progression free and overall survival. Patients with stage I do significantly better than those in the more advanced stages. Although this is intuitive to practicing physicians, this fact can be missed in patients presenting to the cancer centre, who often present with great fear based on their triple negative status. Although the prognosis of the triple negative phenotype is not as good as their non-TNBC counterparts, earlier presenting stage will do significantly better than later stages. It is important to be we are aware of this patient population, as their treatment recommendations are unclear and a source of a fair amount of controversy currently. Prospective studies focusing on stage I TNBC will be needed to answer this question. Standardized baseline staging for triple negative breast cancer patients will have to be developed. Ongoing research to identify certain patient subsets that are more likely to benefit from the platinums, as well as searching for targets for therapy in this patient subset is necessary.
